Abstract. The aim of this study is to establish the risk evaluation model for evaluating the flight safety level objectively and precisely based on flight exceedace events. The traditional risk assessment is revised. The flight quality monitoring projects which are the main factors affecting the flight safety are selected as the evaluation indices. The weights of the indices are determined by the analytic hierarchy process, the corresponding coefficients are set for different grades of exceedance events. The exceedance events rate is the frequency of occurrence. And the risk evaluation model is established. The flight safety risk is calculated with qualitative and quantitative methods. The risk level and the main risk factors affecting the flight safety risk are determined. Some specific measures are taken to improve the flight safety risk management level. The flight quality monitoring events of a certain airline's B737 fleets during the first half of 2017 verify the validity of the model. It is found that the risks in landing and take-off are the greatest. The risk in landing contributed greatly to overweight landing, high speed during landing, vertical g high during landing and high roll during landing. The risk in the taking off phase contributed greatly to high pitch rate at rotation, low speed at rotation, high speed at rotation and low pitch rate at rotation.
Introduction
With the development of China's society and the improvement of the quality of people's life, the air transport has become an important mode of transportation for the public. The rapid development of civil aviation is a serious challenge to ensure aviation safety. In recent years, the safety level of civil aviation in China is in continuous improvement, especially Civil Aviation Administration of China in 1997 forced domestic registered commercial aircraft must be equipped with quick access recorder (QAR) [1] , recorded a series of parameters of the aircraft during flight, and required airlines to implement flight operational quality assurance. And Aviation accident rate and incident rate are decreased significantly. At present, QAR data are mostly used in the management of flight operational quality assurance exceedance events and events investigation, which are not fully used in flight safety evaluation.
Foreign scholars mainly use accident rate assessment and statistical analysis of historical data to evaluate airline flight safety based on mathematical statistics. However, because the number of accidents is less, and the samples are in inconsistency, the application of statistical methods is limited [2~3] . Domestic scholars mainly focus on QAR data in flight performance and maintenance. The QAR data in the approach and landing phase are used to establish a quantitative evaluation model for the risk of hard landing and a risk analysis model for long touchdown distance [4] [5] . Kmskal-Wallis test is used to find out the difference between normal data and QAR exceedance data in 3 events, which are high speed in climbing, high IVV and long touchdown distance [6] . In reference to a certain exceedance event in the landing, the literature selects the pilot operation index to establish a mathematical model to diagnose the high-risk part of the QAR exceedance event [7] . QAR data are used to establish an aircraft performance risk assessment model for aircraft performance [8] . The QAR monitoring indicators, such as fuel flow and fuel mileage, are selected to monitor the performance of the engine, and provide a certain support for early warning [9] . The literature is about the research on flight safety evaluation. It establishes evaluation indicators around the four aspects of "man-machine-environment -management" and applied the matter-element theory, fuzzy mathematics theory, and gray theory to comprehensively evaluate flight safety [10] [11] [12] . However, there are relatively few studies on the application of QAR exceedance events for flight safety evaluation. The grey clustering method is used to evaluate the flight safety of airlines [13] . The literature uses the improved analytic hierarchy process to determine the weight, and statistics the occurrence rate of historical exceedance events, analyzes the flight safety by static evaluation and dynamic evaluation, and implements the evaluation model on the.NET platform [14] . In a comprehensive view, there are few studies on the use of QAR exceedance events for risk evaluation.
The risk evaluation model is established in this paper. The flight operational quality assurance items are the evaluation indices, using the analytic hierarchy process (AHP) method to determine the index weight, with exceedance rate as the frequency of occurrence, and the risk is evaluated with a combination method of qualitative and quantitative in this paper.
Risk Evaluation Index System
The evaluation index system based on exceedance events is established. Based on the flight operational quality assurance items, the monitoring items that have a major impact on flight safety are selected as evaluation indices, and the indices are divided in 5 flight phases, such as taking off, climb, cruise, descent and landing. The specific evaluation index system is shown in Table 1 . Some exceedance events may be triggered at multiple flight phases, and the flight phase is determined based on the large numbers of events triggered. 
Research on Comprehensive Evaluation Method Index Weight
The weight of the index refers to the relative importance of the index in the whole evaluation. This paper uses the analytic hierarchy process to determine the weight of each index. The judgment matrix is first constructed. The judgment matrix element value reflects people's understanding of the importance of the risk evaluation of the safety system. Experts compare the importance of each index. The score is judged by layer by layer, and the eigenvector of the judgment matrix is calculated to determine the contribution of the lower index to the upper index. The result of the arrangement of the index of each variable layer to the target layer index is obtained. The weight of the upper index can be calculated by inputting the judgment matrix into the AHP software.
The Severity of the Event
The severity of the event refers to the severity of the consequences of the exceedance event. It refers to the relative comparison of the consequences of each exceedance event. The expert survey method was adopted to determine the severity, and experts are asked to score the severity of the consequences of different types of exceedance events according to their experience (0~10). The higher the score is, the more serious it is.
The Possibility of the Event
The possibility of the exceedance event is the incidence rate of an exceedance event. That is, the incidence rate of flight exceedance events is expressed as the percentage of the number of exceedance events and the number of the flights of the total take-off and landing in a certain period. The number of exceedance events and the number of the flights of the total take-off and landing can be obtained by statistical data. The number of the total take-off and landing flights in a certain period is T, the number of flight exceedance events is t, and the incidence rate of the flight exceedance event is P= (t/T) × 100%.
(1)
Risk Determination
According to the definition of risk, the risk = severity x frequency. That is
Where K is the weight of the index, I is the current index, and n is the total number of indicators. 1, 3 and 7 are the equivalent coefficients of the exceedance event level. The exceedance event is divided into three levels according to the severity of risk level. It refers to the severity of the consequences of the exceedance event itself. Level 3 is the highest and level 1 is the lowest. According to the judgments of experts on the severity of three risk level of exceedance events, the equivalent coefficient is 1, 3and 7 respectively. S is the severity of the exceedance events, and the P1-P3 are the incidence rates of levels 1, 2 and 3.
The incidence rate of an exceedance event is calculated according to the number of events and flights in the different periods. The risk can be evaluated dynamically to determine the risk of flight safety at a certain period.
Risk Evaluation Set
The evaluation set is a set of various evaluation results that the evaluator may make on the evaluation object. According to each monitoring project of each flight occurs one event, and the maximum risk values of the first, second, and third-level exceedance events are calculated respectively, they are 6, 17and 40. The evaluation set is divided into 3 levels (V): high risk (intolerable), medium risk (tolerable) and low risk (acceptable). These three levels constitute the evaluation set V= {V1, V2, V3}. (Table 2 ). 
Example Analysis
In order to verify the validity of the model, we take the exceedance events as the validation data from the B737 aircraft of a domestic airline in the first half of 2017, and evaluate the risk of the airline in the first half of 2017. The evaluation risk index system is shown in Table 1 .
Index Weight Determination
The weight of each index is calculated according to the analytic hierarchy process. Take the 6 indices of the climb phase as an example. The importance of each index was scored by the 9-scale method, as shown in table 3. The judgment matrix is putted into the AHP calculation software, and the consistency test is carried out. The consistency check is passed by CR=0.077<0.1. Weight values K= (0.229，0.056，0.104，0.080，0.479，0.051) and the weight values of each index are shown in Table 4 . Similarly, we can calculate the weight of the second level indices in each flight phase, that is, K (take-off, climb, cruise, descent, and landing) = (0.364, 0.072, 0.043, 0.101, and 0.419). The final weight of each index is the product of the weight of the second level index of each flight phase and the initial weight of the specific index. The normalization of each index can be realized. 
Determination of the Severity and Possibility of Events
The method of expert survey is adopted to determine the severity of events. Experts are asked to score the severity of the consequences of different types of exceedance events based on experience. The severity of the related exceedance events in climb phase is shown in Table 4 . The possibility of events is determined. According to the number of the first and the second level and the third level exceedance events and the number of flights in the B737 aircraft in the first half of 2017, the incidence rates of exceedance events at all levels are determined. The incidence rates of exceedance events at all levels are shown in Table 5 . (The airline only set up the first level exceedance event standard for the individual monitoring items, mainly the second and the third level exceedance events). 
Risk determination
According to the weight value of each index, it is found that the risks in landing and taking off are the greatest. The risk in landing contributed greatly to overweight landing, high speed during landing, VRTG exceed during landing and high roll during landing. The risk in the taking off phase contributed greatly to high pitch rate at rotation, low speed at rotation, high speed at rotation and low pitch rate at rotation. According to the risk formula, the final risk is determined, R=0.071. According to the risk evaluation level, it is possible to determine that the risk of the company's flight safety is at a low risk, and it is acceptable without further mitigation measures.
Conclusion
The evaluation index system for flight safety based on exceedance events is established. According to the theory of analytic hierarchy process, the index weight is determined, the corresponding coefficients are set for different grades of exceedance events, and the exceedance events rate is taken as the frequency of occurrence, and then the risk evaluation model of flight safety is established. The risk of flight safety is calculated with the combination of the qualitative and quantitative methods.
The evaluation model was verified by using the number of exceedance events of an airline's B737 aircraft in the first half of 2017. At the same time, it is determined that the risk of flight safety is the greatest in landing and taking off phase. The exceedance events with a large contribution at this phase are determined. The results show that the airline is at a low level of risk, and it can be accepted without further mitigation.
The dynamic evaluation of the risk of an airline's flight safety is realized. The exceedance events can be scanned every other time to evaluate the risk level of flight safety in this period to determine whether the risk mitigation measures are taken.
